ABSTRACT. Neoproterozoic orogenesis in the southern sector of the Southern Brasília Belt was the result of subduction and terminal collision between the SocorroGuaxupé Arc and Paranapanema Block to the west (present coordinates), and the passive margin along the southern portion of the western side of the São Francisco Craton to the east. We report the results of a thermochronologic study of the uppermost passive margin derived high-pressure granulite facies nappes of the Andrelândia Nappe Complex to better constrain the timing of exhumation of these nappes. Based on 40 Ar/
Rio de Janeiro
to the west and the Ribeira Belt to the southeast. The Andrelândia Nappe Complex is located in the southern sector of the Southern Brasília Belt and the area of study is marked by a box at the south edge of the São Francisco Craton. Fig. 2 . A detailed tectonic map of the Andrelândia Nappe Complex to show the individual nappes and the overlying Socorro-Guaxupé Nappe; the locations of samples analyzed in this study are marked by name and sample number (except sample 05b-RJ-114, which comes from an outcrop in the city of Rio de Janeiro, as discussed in the text).
block of eclogite, one of a series of blocks along the tectonic contact between the uppermost two nappes of the Andrelândia Nappe Complex, and the overlying arcderived Socorro-Guaxupé Nappe (Reno and others, 2009 ). In conjunction with petrographic and geochemical information, these data (table 1) have been used to determine the timing of initial detachment of the Três Pontas-Varginha Nappe (at the top of the Andrelândia Nappe Complex) from the downgoing slab at circa 678 Ma, the timing of near-peak metamorphism in this nappe at circa 648 Ma, and the timescale for the high-temperature part of the retrograde evolution of the high-pressure granulites from both the Três Pontas-Varginha and underlying Carmo da Cachoeira Nappes to circa 590 Ma. In this article we present the results of a 40 Ar/ 39 Ar thermochronologic study from the southern sector of the Southern Brasília Belt and the adjacent Ribeira Belt. Statistically acceptable 40 Ar/
39
Ar ages were obtained only from biotite for samples from several nappes of the Andrelândia Nappe Complex and one sample from the Ribeira Belt. For the Andrelândia Nappe Complex, we use recent U-Pb zircon, Table 1 Summary of 206 Pb/ 238 U zircon ages from Reno and others (2009) Ar biotite ages determined in this study to constrain exhumation rates for several nappes. As a result, we are able to provide a more complete P-T-t history of these nappes and suggest a tectonic model for their exhumation.
geologic background
The southern sector of the Southern Brasília Belt in southeastern Brazil comprises a system of flat-lying nappes thrust east-northeast onto the southwestern (present coordinates) margin of the São Francisco Craton. The system is composed of a stack of passive-margin derived metasedimentary nappes (the Andrelândia Nappe Complex) that was overthrust by a magmatic arc-derived nappe during the subduction-tocollision phase of the Brasília Orogeny ( fig. 2 ; Ribeiro and others, 1995; Campos Neto and Caby, 1999; Paciullo and others, 2000; Valeriano and others, 2000 Valeriano and others, , 2004 Valeriano and others, , 2008 Reno and others, 2009) .
At the top of the nappe stack, the Socorro-Guaxupé Nappe comprises part of the Socorro-Guaxupé magmatic arc from the hanging wall of the Brazilide Ocean plate (Campos Neto and Caby, 1999) . Immediately beneath, the structurally upper portion of the Andrelândia Nappe Complex comprises the high-pressure granulite facies Três Pontas-Varginha, Lambari/Liberdade, Carmo da Cachoeira and Andrelândia Nappes (fig 2; for example, Campos Caby, 1999, 2000; Garcia and Campos Neto, 2003) . The structurally lower portion of the Andrelândia Nappe Complex comprises amphibolite and greenschist facies nappes. In the southeastern part of the study area, in the Ribeira Interference Zone ( fig. 2) , areas of high-pressure granulite are interpreted to represent klippen of the Três Pontas-Varginha Nappe (Trouw and others, 2006; Campos Neto and others, 2010) .
The primary focus of this study is the three uppermost high-pressure granulite facies nappes-the arc-related Socorro-Guaxupé Nappe which overlies the passive margin-related Três Pontas-Varginha and Carmo da Cachoeira Nappes of the Andrelân-dia Nappe Complex-and their lateral equivalents and outlying klippen. We also present data for one sample from the Andrelândia Nappe (a correlative of the Carmo do Cachoeira Nappe) in the east of the study area and for one sample from the younger Ribeira Belt to the east of the study area.
The Socorro-Guaxupé Nappe For the Socorro-Guaxupé Nappe (figs. 1B and 2), which represents part of the magmatic arc from the overriding Brazilide Ocean plate, Reno and others (2009) determined P-T conditions of 1.5Ϯ0.2 GPa and Ͼ900°C for granulite close to the base of the nappe, which they inferred were likely close to the peak metamorphic conditions. These authors report a U-Pb zircon age of 622Ϯ28 Ma (table 1) from this granulite, which although imprecise nonetheless has a high statistical probability of being younger than the age of zircon growth in the underlying nappes of the Andrelândia Nappe Complex (Reno and others, 2009 , their table 3). The age is interpreted to record immediately post-peak temperature cooling during the juxtaposition of this nappe against the Andrelândia Nappe Complex. Further to the west in the Socorro-Guaxupé Nappe, in migmatites formed at a shallower structural level than the granulites, Martins and others (2009) report monazite chemical (U-Th)-Pb ages in the range 640 to 606 Ma interpreted to record growth of monazite at different stages during the prograde-to-peak evolution and during retrograde crystallization of melt.
The Andrelândia Nappe Complex
For the Três Pontas-Varginha Nappe, which is the uppermost nappe of the Andrelândia Nappe Complex ( fig. 2 ), based on isochemical P-T phase diagrams (pseudosections) for multiple samples of granulite facies metapetite of the former passive margin sedimentary succession, Reno and others (2009) showed that peak P-T conditions of 1.5 to 1.6 GPa and Ͼ850°C were followed by close-to-isobaric cooling until crystallization of residual melt in leucosomes at ϳ800°C (figs. 3A and 3B). Most of the biotite in samples from this nappe is interpreted to have grown along the high-temperature retrograde segment of the P-T path during crystallization of the residual melt, which is consistent with the mole proportions of biotite predicted from the isochemical P-T phase diagrams calculated for several samples by Reno and others (2009) . For one sample, these authors interpret biotite to have been part of the peak assemblage at temperatures Ͼ850°C.
Based on multiple U-Pb zircon ages (table 1) and titanium-in-zircon thermometry, Reno and others (2009) determined that granulites in the Três Pontas-Varginha Nappe had cooled from peak temperatures to ϳ800°C by circa 648 Ma. Chemical (U-Th)-Pb ages of 634 to 630 Ma and 619 to 614 Ma (table 1) for higher yttrium areas in monazite included in garnet and higher yttrium areas in matrix monazite, respectively, from the same samples were interpreted to record timing of monazite growth close to and at the solidus, respectively, for these granulites, the temperature of which varied according to how refractory the bulk composition had become by melt loss Fig. 3 . Summary isochemical P-T diagrams (pseudosections) constructed for samples from the Três Pontas-Varginha (samples 04-6-21 and 05b-6-31b, modified from Reno and others, 2009 ) and Carmo da Cachoeira (04-5-6 and 04-5-8, modified from Reno and others, in press) Nappes. 1300 B.L. Ar/ 39 (Reno and others, in press ). Monazite chemical (U-Th)-Pb ages in the range 606 to 597 Ma (table 1) from lower yttrium areas in monazite in samples from the Três Pontas-Varginha Nappe were interpreted by Reno and others (in press 3 ) to record a response to juxtaposition of the overlying Socorro-Guaxupé Nappe against the Andrelândia Nappe Complex and, possibly, ingress of aqueous fluid released at the solidus in the underlying Carmo da Cachoeira Nappe. Rb-Sr multi-mineral-whole rock isochron ages of 590Ϯ4 and 590Ϯ13 Ma from a sample close to the structural base of the Três Pontas-Varginha Nappe were interpreted by Reno and others (2009) to record cooling of this nappe below ϳ750°C, based on titanium-in-quartz thermometry, during close-to-isothermal decompression. These authors calculated an average cooling rate of Ͻ1°C Ma Ϫ1 for the high-temperature close-to-isobaric retrograde segment of the P-T path established for the high-pressure granulites ( fig. 3A) .
The Carvalhos Klippe is interpreted to be part of the Três Pontas-Varginha Nappe (Campos Neto and others, 2010) now isolated in the southernmost portion of the Southern Brasília Belt within the Ribeira Interference Zone ( fig. 2 ). Campos Neto and others (2010) determined peak metamorphic conditions of 825°C at 1.2 GPa for granulites in the klippe, similar to peak metamorphic conditions summarized above for high-pressure granulites in the Três Pontas-Varginha Nappe. Terrane accretion related to the Ribeira Belt led to a tectonothermal overprinting recorded by the widespread development of sillimanite in the Carvalhos Klippe (Reno and others, in press ). Campos Neto and others (2010) report an ID-TIMS U-Pb age for monazite of 617.7Ϯ1.3 Ma, which they infer dates the peak of metamorphism. Monazite chemical (U-Th)-Pb ages of 602 to 563 Ma (table 1) Blocks of retrograded eclogite are located along the tectonic contact between the Liberdade Nappe and the underlying Andrelândia Nappe, inferred to be lateral equivalents to the Três Pontas-Varginha and Carmo da Cachoeira Nappes, respectively ( fig. 2 ). These eclogites are interpreted to represent slivers of ocean crust (Trouw and others, 2000) . They are interpreted to represent blocks of the oceanic basement to the passive margin sediments now represented by granulites of the Liberdade Nappe (Três Pontas-Varginha Nappe). These blocks were transported along the lower contact of this nappe after it became detached from the downgoing plate during continued underthrusting by the passive margin prior to detachment of the next nappe in the subduction zone. Campos Neto and Caby (1999) report pressures of ϳ1.7 to 1.5 GPa for temperatures of 660 to 720°C, which they inferred to be close to the peak metamorphic conditions for the retrograded eclogite. From very small zircons associated with the peak mineral assemblage in one of these tectonic blocks of retrograded eclogite, Reno and others (2009) determined an U-Pb age of 678Ϯ29 Ma, which although imprecise nonetheless has a high statistical probability of being older than the age of zircon growth in the overlying Três Pontas-Varginha Nappe (Reno and others, 2009, their table 3) . The U-Pb zircon age was interpreted to record detachment of the Liberdade Nappe (Três Pontas-Varginha Nappe) from the distal part of the subducting passive margin of the São Francisco Craton.
For the Carmo da Cachoeira Nappe located below the Trés Pontas-Varginha Nappe, based on isochemical P-T phase diagrams (pseudosections) for multiple samples of granulite facies metapetite of the former passive margin sedimentary succession, Reno and others (2009) used the mineral phase assemblage inferred to be in equilibrium with melt to constrain the metamorphic conditions to pressures between 1.35 and 1.1 GPa at temperatures of ϳ830°C (figs. 3C and D). However, the peak temperature may have been higher, corresponding to a phase assemblage field including K-feldspar, since these authors could not rule out the possibility that K-feldspar was consumed to form biotite during the early part of the retrograde evolution. The mole proportion of biotite increases at the expense of garnet as a function of decreasing temperature and the occurrence of muscovite constrains the high-temperature retrograde path to be close-to-isobaric crossing the solidus in a muscovite-bearing mineral assemblage field. The replacement of garnet by biotite is interpreted to have occurred along this close-to-isobaric cooling segment of the P-T path, and most of the biotite in these samples is interpreted to have grown at pressures Ͼ1.0 GPa over a temperature range from ϳ830°C to ϳ675°C.
The subsequent P-T evolution of the Carmo da Cachoeira Nappe is not well constrained, but must be consistent with the microstructure of the foliation, which suggests subsolidus deformation, and the absence of both sillimanite and kyanite in this retrograde foliation (Reno and others, in press 4 ). The P-T path is likely to involve a largely subsolidus close-to-isothermal decompression segment and a low-pressure close-to-isobaric cooling segment similar to those in the overlying Três PontasVarginha Nappe, but offset to lower temperature (figs. 3C and D). A monazite chemical (U-Th)-Pb age of 631Ϯ10 Ma and three monazite chemical (U-Th)-Pb ages in the range 620 to 617 Ma from cores of two grains and from one single domain monazite (table 1) were interpreted to date suprasolidus biotite growth at the expense of garnet along the high-temperature retrograde segment of the P-T path in the Carmo da Cachoeira Nappe (Reno and others, in press 5 ). Monazite chemical (UTh)-Pb ages of 605 to 594 Ma from rims and single domain monazites (table 1) from this nappe were interpreted by Reno and others (in press) as most likely recording growth or recrystallization of monazite owing to crystallization of residual melt and release of aqueous fluid at the solidus, possibly associated with the early stage of exhumation of this nappe.
For schists of the the Andrelândia Nappe, interpreted to be laterally equivalent to the Carmo da Cachoeira Nappe by Trouw and others (2006) , Campos Neto and Caby (1999) calculated peak P-T conditions of 1.3 GPa and ϳ665°C based on standard net-transfer barometry and exchange thermometry applied to two metapelite samples and one eclogite sample (for the details, see Campos Neto and Caby, 1999, Tables 7 and 9, and their fig. 8 ). The calculated pressure is similar to that estimated above for the Carmo da Cachoeira Nappe, although the calculated temperature is lower suggesting mostly subsolidus peak metamorphic conditions for the transitional amphibolite to HP granulite facies rocks. Campos Neto and others (2004) report 40 Ar/ 39 Ar biotite cooling ages from the Andrelândia Nappe that range from 541.0Ϯ1.3 Ma at the base to 492.0Ϯ1.0 Ma close to the top of the nappe.
The Ribeira Belt
To the southeast of the study area, the younger east-northeast striking Ribeira Belt cuts across the north-northwest trend of the Southern Brasília Belt. The Ribeira Belt comprises several tectono-stratigraphic terranes ( fig. 1B ; Heilbron and Machado, 2003; Heilbron and others, 2004) : the Occidental terrane, which represents the reworked passive margin of the São Francisco craton (Heilbron and others, 2010) ; the Paraíba do Sul and Embú terranes, which were sutured to the craton in the interval 605 to 580 Ma (Heilbron and others, 2008) ; the Oriental terrane, which includes the Rio Negro magmatic arc, and which was sutured to the margin in the interval 580 to 550 Ma (Heilbron and others, 2008) ; and, the Cabo Frio terrane, which has African affinities and is exotic to the Ribeira Belt (Schmitt and others, 2008) , and which was sutured to the margin in the interval 530 to 510 Ma (Schmitt and others, 2004) .
For an outcrop of stromatic migmatite behind the Rio Sul Shopping Center in Botafogo, within the municipal area of Rio de Janeiro (sample Rio-A3), which is part of the the Oriental terrane of the Ribeira Belt, Kühn and others (2004) estimate peak metamorphic conditions of P Ͻ 0.7 GPa at T of 750 to 800°C based on an isochemical phase diagram (pseudosection). Coarser biotite is interpreted by Kühn and others (2004) to be a remnant from the prograde subsolidus assemblage, whereas a second generation of biotite that forms skeletal intergrowths with quartz and/or plagioclase is interpreted by these authors to have grown during the retrograde reaction of garnetϮK-feldspar with melt at T Ͼ 750°C and P of ϳ0.6 GPa. Reno and others (in press 6 ) report chemical (U-Th)-Pb ages of 561Ϯ11 and 543Ϯ6 Ma from high yttrium areas and 523Ϯ10 and 523Ϯ7 Ma from low yttrium areas of monazite in stromatic migmatite collected from the same outcrop behind the Rio Sul Shopping Center in Botafogo. These authors interpret the ages to date growth of monazite during post-peak crystallization of residual melt followed by recrystallization related to accretion of the outboard Cabo Frio terrane. The monazite chemical (U-Th)-Pb ages are consistent with TIMS U-Pb zircon ages of 562Ϯ11 Ma (concordant fraction) and 553Ϯ7 Ma (upper intercept), and TIMS U-Pb monazite ages of 554Ϯ5 Ma (concordant fraction) and 548Ϯ3 Ma (upper intercept) reported by Schmitt and others (2004) for a sample of sillimanite-garnet-biotite gneiss from within the Oriental terrane approximately 100 km to the east-northeast of Rio de Janeiro.
Further North in the Southern Brasília Belt
The Passos Nappe ( fig. 1B ) lies immediately to the north of the Andrelândia Nappe Complex and the Socorro-Guaxupé Nappe in the southern sector of the Southern Brasília Belt; it is also composed of rocks derived from the former passive margin along the western edge (present co-ordinates) of the the São Francisco Craton (Valeriano and others, 2000 (Valeriano and others, , 2004 (Valeriano and others, , 2008 . Valeriano and others (2004) report welldefined lower intercept ages of 656Ϯ16 Ma and 655Ϯ4 Ma from zircon separates analyzed by ID-TIMS from amphibolite-to granulite-facies rocks at the top of the Passos Nappe and from a tectonic lens of felsic metavolcanic rock along the basal thrust of the nappe. These ages are similar to the SIMS 206 Pb/ 238 U zircon ages of 648Ϯ12 Ma and 647Ϯ11 retrieved from the uppermost passive margin-derived nappe in the Andrelândia Nappe Complex, which were interpreted by Reno and others (2009) to record down-temperature crystallization of zircon in residual melt in HP granulite. Valeriano and others (2004) also report a concordant TIMS 206 Pb/ 238 U age of 631Ϯ4 Ma for monazite from a leucosome vein from close to the top of the Passos Nappe, and a slightly younger sub-concordant TIMS 206 Pb/ 238 U age of 622ϩ1/Ϫ2 Ma for monazite from the top unit in the Passos Nappe. These ages are similar to the chemical (U-Th)-Pb ages of 634 to 630 Ma and 619 to 614 Ma retrieved from the Três Pontas-Varginha Nappe and circa 631 and 620 to 617 Ma retrieved from the Carmo da Cachoeira Nappe in the Andrelândia Nappe Complex by Reno and others (in press 7 ). Younger concordant Pb/ 238 U ages of 606Ϯ2 Ma and 604ϩ7/Ϫ8 Ma obtained respectively for monazite from close to the top and at the top of the Passos Nappe were interpreted to relate to exhumation of the Passos Nappe by Valeriano and others (2004) . These authors also report ID-TIMS ages of 595ϩ35/Ϫ34 Ma and 593ϩ12/Ϫ13 Ma for rutile from samples of amphibolite from close to the top and at the top of the Passos Nappe, respectively, which they also interpreted as cooling ages. K-Ar white mica ages retrieved from quartzites in the lower grade rocks that underlie the Passos Nappe range from 600Ϯ13 Ma to 567Ϯ7 Ma; they are also interpreted as cooling ages (Valeriano and others, 2000) . The older K-Ar white mica ages are similar to the 206 Pb/ 238 U rutile ages. Furthermore, the rutile and older white mica cooling ages are similar to the Rb-Sr isochron age of ca. 590 Ma reported by Reno and others (2009) for a sample from close to the base of the Três Pontas-Varginha Nappe that was argued to be related to the main retrograde foliation-forming event during hightemperature exhumation to mid-crustal depths.
In the northern sector of the Southern Brasília Belt, Baldwin and Brown (2008) analytical methods
Following petrographic characterization of a representative set of samples, those selected for Ar chronology were chosen to provide wide geographic spread approximating a NW-SE transect across the Andrelândia Nappe Complex and a bottom to top spread through the Três Pontas-Varginha Nappe. High-purity mineral separates (Ͼ99%) were prepared by standard rock-crushing and mineral-separation techniques, and biotite Ͼ200 m in diameter and hornblende Ͼ80 m in diameter were handpicked to avoid aggregates and altered grains.
40
Ar/
39
Ar analysis of samples from the Southern Brasília Belt was undertaken at the Syracuse University Noble Gas Isotopic Research Laboratory (SUNGIRL). Mineral separates were washed in acetone and individually wrapped in Cu foil and stacked with the 77-600 hornblende standard to monitor the neutron dose. The 77-600 hornblende standard has published K/Ar ages of 414.2Ϯ3.7 (Harrison, ms 1980 , 1981 ) and 414.1Ϯ3.9 (McDougall and Harrison, 1999 obtained from careful intercalibration with ANU K-Ar biotite standard GA1550. Samples were vacuum-sealed in a Suprasil quartz tube and irradiated for 30 hours in the CLICIT facility at the Oregon State University Radiation Center.
40
Ar/ 39 Ar analysis of unknowns and standards was undertaken by double-vacuum resistance-furnace heating experiments. Gas was extracted during standard furnace dwell times of twelve minutes at temperatures ranging from 500°C to final fusion at 1350°C and was then exposed for ten minutes to hot and cold SAES ST-707 getters for purification. The purified gas was analyzed on a Micromass 5400 mass spectrometer equipped with an ion-counting electron multiplier. Data regressions were performed using Micromass NG290 software, allowing straight line and polynomial data regression.
Sample data were corrected for blanks, mass discrimination, decay of Ar, neutron-induced interfering isotopes, and atmospheric argon. Correction factors used to account for interfering nuclear reactions were determined by analyzing argon extracted from irradiated optical grade, fused CaF 2 and K-glass. Correction factors used to account for interfering nuclear reactions for the irradiated samples are: ( . All ages were calculated using the decay constants recommended by Steiger and Jäger (1977) . System blanks were measured prior to every step-heating experiment, and were 1304 B.L. Ar/ 39 found to be negligible. The blanks are: 36 Ar (5.8 ϫ 10 Ϫ19 Ϫ 1.5 ϫ 10 Ϫ17 ) mol, 37 Ar (1.9 ϫ 10 Ϫ20 Ϫ 5.4 ϫ 10
Ϫ19
) mol, 38 Ar (4.9 ϫ 10 Ϫ20 Ϫ 2.7 ϫ 10 Ϫ18 ) mol, 39 Ar (1.9 ϫ 10 Ϫ20 Ϫ 6.8 ϫ 10 Ϫ18 ) mol and 40 Ar (1.9 ϫ 10 Ϫ16 Ϫ 4.5 ϫ 10
Ϫ15
) mol. Two-sigma analytical uncertainties are reported in this paper, and include an uncertainty associated with flux monitor age and the irradiation parameter, J, typically Ͻ1.0 percent (2). Inverse isochron ages and apparent age data were calculated utilizing the program Isoplot 3.0 (Ludwig, 2003) . On plots of age versus cumulative 39 Ar fraction, an age plateau is defined if ages for a minimum of 3 consecutive heating steps, representing 60 percent of the 39 Ar, lie within 95 percent confidence of each other.
sample descriptions
The location of all samples used in this study are given in table 2 and all but the sample from the Ribeira Belt are show on figure 2. Hornblende was analyzed from one sample of mafic granulite from the Socorro-Guaxupé Nappe, one sample of amphibolite from the Carvalhos Klippe, and one sample from a retrograded eclogite block. Biotite was analyzed from seven samples of metapelitic granulite collected from a range of structural levels within the Três Pontas-Varginha Nappe, one sample of metapelitic granulite from the Carvalhos Klippe, three samples of metapelitic schist and gneiss from the Carmo da Cachoeira Nappe, one sample of metapelitic schist from the Andrelândia Nappe, and one sample of stromatitic migmatite from the Oriental terrane in the Ribeira Belt.
The Socorro-Guaxupé Nappe Brown-green hornblende was analyzed from sample 05b-7-26 collected from a 1 to 2 m diameter block interpreted to be in situ from close to the base of the SocorroGuaxupé Nappe to the south of the city of Varginha ( fig. 2 ). This sample is interpreted to represent an igneous protolith that formed in a magmatic arc environment before being metamorphosed under high-pressure granulite facies conditions (Campos Neto and Caby, 1999; Reno and others, 2009) . The sample comprises a migmatitic garnetorthopyroxene-hornblende granulite with minor clinopyroxene and accessory ilmenite; garnet is up to 1 cm in diameter. Leucosomes contain euhedral to subhedral garnet, which themselves contain small inclusions of brown biotite, individual grains of orthopyroxene and clinopyroxene, and deformed aggregates of plagioclase and minor quartz. The hornblende is variable in size up to 2 mm long and is aligned in layers ( fig.  4A ), locally associated with clinopyroxene. Quartz occurs rarely in monomineralic layers with a strong mylonitic foliation. The age of zircon growth in this sample is 622Ϯ28 Ma, interpreted by Reno and others (2009) to record cooling to the solidus from peak high-pressure granulite-facies conditions.
The Andrelândia Nappe Complex Três Pontas-Varginha Nappe.-Biotite was analyzed from samples from four locations within the high-pressure granulite facies Três Pontas-Varginha Nappe ( fig. 2) . Sample 05b-6-30 was taken from a working quarry (Four Level Quarry) that is located towards the structural base of the nappe, and samples 05b-6-108 and 05b-6-109 were taken from the Santo Antônio Quarry, which is also near the structural base of the nappe. Samples 04-6-11 and 05b-6-103 were taken from the Três Pontas Quarry, in the structural middle of the nappe. Samples 05b-6-31b and 05b-6-33 were taken from Lixão (disused quarry used as a garbage dump) in the city of Varginha near the top of the nappe.
Sample 05b-6-30 is a foliated garnet granulite. Anhedral garnet up to 1 cm in diameter contains inclusions of biotite, plagioclase, quartz and rutile. The matrix is composed of dominantly quartz and plagioclase grains, 1 to 4 mm in diameter. Biotite up to 3 mm long occurs adjacent to garnet, and is interpreted to replace it, and finer grained biotite less than 1 mm long occurs in the matrix ( fig. 4B ). There are sporadic flakes of retrograde muscovite up to 5 mm in length. Sample 05b-6-108 is a strongly foliated garnet granulite. Euhedral garnet up to 1 cm in diameter includes quartz, kyanite and biotite. Garnet occurs in a matrix comprising discontinuous ribbons of elongate quartz alternating with layers composed of equant quartz and K-feldspar, and variable amounts of oriented sillimanite and biotite (up to 1 mm long) that together define the foliation ( fig. 4C ). This foliation wraps around garnets and augen of ternary feldspar and quartz; sporadic kyanite grains occur in the augen. Coarser-grained biotite several mm across occurs in pressure shadows associated with garnet. Accessory ilmenite and monazite occur in the quartzofeldspathic matrix. Monazite in this sample records a single age of growth of 588Ϯ5 Ma (Reno and others, in press 8 ). Rb-Sr multi-mineral-whole rock isochrons calculated for two fractions of a similar sample taken from the same outcrop define ages of 590Ϯ4 and 590Ϯ13 Ma, which were interpreted by Reno and others (2009) to date hightemperature subsolidus exhumation.
Sample 05b-6-109 is a strongly foliated garnet granulite. Large garnets (10 -15 mm across), which have rare kyanite inclusions in their outer mantles, are wrapped by an anastomosing foliation defined by compositional layering. Coarse tabular biotite (up to 3 mm long) and sillimanite (4 -5 mm long; Ϯrare kyanite) grains are associated with low strain areas adjacent to and between large garnets (fig. 4D); these aggregates are interpreted to record minor partial replacement of garnet. Biotite in the aggregates with sillimanite links with thin discontinuous layers of fine-grained biotite (generally Ͻ1 mm long) rimming garnet, which in turn link with thin layers of fine-to medium-grained biotite and sillimanite that alternate with thicker layers comprising fine-grained (ϳ1 mm) quartz, K-feldspar and plagioclase, with rare subhedral ternary feldspar.
Sample 04-6-11 is leucosome-dominated and comprises primarily medium grained (2-4 mm) quartz, plagioclase and K-feldspar, with clusters of euhedral garnets 3 to 5 mm in diameter, sporadic sub-millimeter grains of biotite interpreted to partially replace garnet ( fig. 4E) , and rare intersertal or patchy retrograde muscovite. Stringers of ilmenite up to 2 mm long occur at K-feldspar-K-feldspar grain boundaries. Biotite 2 to 3 mm in length occurs as melanosomes defining the foliation. The age of zircon growth in this sample is 648Ϯ12 Ma (Reno and others, 2009 ). Higher yttrium cores in monazite in this sample yield a chemical (U-Th)-Pb age of 616Ϯ12 Ma whereas lower yttrium rims yield a chemical (U-Th)-Pb age of 597Ϯ5 Ma (Reno and others, in press 9 ). Sample 05b-6-103 is a garnet-kyanite-K-feldspar gneiss. Garnet up to 5 mm in diameter contains inclusions of biotite, plagioclase, quartz, monazite and rutile. Kyanite up to 5 mm long, associated with ilmenite grains in some layers, and biotite, up to 1 mm in length associated with ilmenite grains in other less-common layers, alternate with quartz-K-feldspar-plagioclase layers to define compositional layering and foliation that wraps the garnets ( fig. 4F ). Higher yttrium areas in monazite record a chemical (U-Th)-Pb age of 630Ϯ3 Ma whereas lower yttrium areas record an age of 601Ϯ3 Ma (Reno and others, in press) .
Sample 05b-6-31b is a quartz-garnet-biotite-K-feldspar-plagioclase-aluminosilicate-ilmenite gneiss that is strongly foliated. Semi-continuous layers comprising elongate quartz grains separate layers composed predominantly of equant ternary feldspar with a mosaic microstructure, finer-grained rounded quartz and commonly interstitial plagioclase. This layering defines a strong foliation that wraps around garnets (2-5 mm diameter) ( fig. 4G ). Kyanite and ilmenite occur as inclusions in the mantle regions of garnet, and ilmenite also occurs in the matrix. Biotite (Ͻ1 mm) occurs preferentially in layers as sporadic grains associated with and sometimes moulded on plagioclase, as aggregates of grains aligned in the foliation, and as millimetric grains interpreted to replace garnet ( fig. 4G ). Sillimanite and rare kyanite grains up to 5 mm in length are oriented in the foliation; sillimanite also occurs as aggregates of small (Ͻ0.5 mm) grains formed along cracks that separate fragments of garnet. For this sample, the age of zircon growth is 647Ϯ11 Ma (Reno and others, 2009 ), whereas monazite records 1308 B.L. Ar/ 39 chemical (U-Th)-Pb ages of 633Ϯ6 Ma in cores, 614Ϯ5 Ma in mantles and 605Ϯ8 Ma in rims (Reno and others, in press 10 ). Sample 05b-6-33 is a garnet-aluminosilicate-K-feldspar gneiss. Garnet up to 5 mm in diameter contains inclusions of biotite, plagioclase and quartz, and, rarely, kyanite close to the rim (fig. 4) . Semi-continuous layers comprising elongate quartz grains alternate with layers composed predominantly of equant ternary feldspar and plagioclase (locally with one dominant over the other), and quartz with a mosaic microstruc- ture, which wraps garnet. Biotite 1 to 3 mm long and sub-millimetric granular sillimanite occur in the matrix aligned with the foliation; coarser biotite occurs in garnet pressure shadows, and accessory zircon and monazite are present. Carvalhos Klippe.-Samples were analyzed from two locations within the Carvalhos Klippe. Hornblende was analyzed in sample 05b-10-74, taken from a railroad cut near the city of Carvalhos ( fig. 2) . Biotite was analyzed in sample 05b-10-95, taken from an outcrop at a waterfall just north of the city of Carvalhos ( fig. 2) .
Sample 05b-10-74 is a foliated clinopyroxene-bearing amphibolite. Olive-green hornblende is the dominant phase in the rock and occurs as subhedral grains up to 5 mm in diameter ( fig. 4I ). Subhedral pale green clinopyroxene up to 7 mm in length exhibits microstructural relationships interpreted to record breakdown to green hornblende. Quartz and plagioclase up to 2 mm across comprise ϳ25 to 30 percent of the sample and occur in layers 2 to 4 mm thick. Minor epidote, rare biotite and accessory apatite occur throughout the rock.
Sample 05b-10-95 is a garnet-kyanite-biotite gneiss. Subhedral rounded garnet up to 5 mm in diameter contains inclusions, predominantly of quartz, but also some plagioclase, ilmenite and biotite. Tabular millimetric biotite in a symplectic intergrowth with quartz occurs around and replacing garnet (fig. 4J) ; late sillimanite bundles cut across and replace the symplectic biotite and are interpreted to record overprinting during terrane accretion in the younger Ribeira Belt. Biotite (mostly up to 1 mm long, sometimes larger) and subhedral kyanite (mostly up to 4 mm long, sometimes larger) occur within a dominantly quartz matrix defining the foliation. Rare unoriented muscovite up to 0.5 mm in length is associated with biotite aggregates. Monazite chemical (U-Th)-Pb ages for similar samples collected at the same outcrop are 602Ϯ6 Ma for cores and 584Ϯ3 Ma for rims for one sample and 593Ϯ4 Ma and 563Ϯ21 Ma for for single domain grains and skeletal grains, respectively, in garnet from a second sample (Reno and others, in press 11 ). Retrograded eclogite block.-Hornblende was analyzed from a sample of retrograded eclogite collected from a tectonic block located between the Liberdade and Andrelân-dia Nappes, inferred to be lateral equivalents to the Três Pontas-Varginha and Carmo da Cachoeira Nappes, respectively (Trouw and others, 2006) . Sample 05-13-13 comprises millimeter-size garnets that are separated by irregular rims of granoblastic plagioclase from symplectic aggregates of plagioclase and clinopyroxene that we infer to have replaced more jadeitic pyroxene. Millimeter-size prismatic hornblende is interpreted to replace the symplectic aggregates of plagioclase and clinopyroxene ( fig.  4K ). Zircon crystallization in this sample was dated as 678Ϯ29 Ma by Reno and others (2009) , who interpreted the date to record close-to-peak-pressure metamorphism in this sample.
Carmo da Cachoeira Nappe.-Biotite was analyzed from three samples taken from two locations within the Carmo da Cachoeira Nappe ( fig. 2) . Samples 05b-5-23 and GR-05-3 were taken from the INCOPE working quarry south of the city of Três Coraçoes; this locality is in the lower part of the nappe. Sample 05b-5-17 was taken from an abandoned quarry in the upper part of the nappe close to the contact with the overlying Três Pontas-Varginha Nappe.
Sample 05b-5-23 is a strongly foliated garnet-kyanite-biotite gneiss. Euhedral garnet up to 5 mm in diameter has inclusions of biotite, plagioclase, quartz, rutile and irregular polymineralic quartzo-feldspathic aggregates (Ϯbiotite) interpreted to represent former melt ( fig. 4L ). The matrix comprises 3 to 5 mm long biotite laths defining a strong mylonitic foliation together with kyanite, centimetric plagioclase, strongly
1310 B.L. Ar/ 39 internally-strained quartz and rare fine-grained muscovite associated either with biotite or with kyanite. Accessory ilmenite and tourmaline occur in the matrix, and monazite occurs as inclusions in biotite. Monazite in this sample records chemical (U-Th)-Pb ages of 631Ϯ10 Ma from cores and 605Ϯ4 Ma from rims (Reno and others, in press 12 ). Sample GR-05-3 is a strongly foliated garnet-kyanite-biotite-muscovite gneiss. Euhedral garnet up to 7 mm in diameter has inclusions of biotite, quartz, euhedral plagioclase, irregular polymineralic quartzo-feldspathic aggregates interpreted to represent former melt and rutile. Biotite and muscovite, 2 to 4 mm long, form micaceous layers aligned within the strong mylonitic foliation, which wraps centimetric plagioclase grains (Pl) (fig. 4M ). Accessory ilmenite, rutile and tourmaline are present in the matrix, and monazite occurs as inclusions in biotite.
Sample 05b-5-17 is a strongly foliated garnet-kyanite-biotite schist. Rounded garnets ϳ2 mm in diameter contain inclusions of ilmenite, rutile, quartz, plagioclase and irregular polymineralic quartzo-feldspathic aggregates interpreted to represent former melt. The matrix consists of biotite (ϳ1 mm long) that has partially replaced kyanite grains, both of which are aligned with compositional layering defining the foliation ( fig. 4N ), and strongly internally-strained quartz and plagioclase grains, 1 to 2 mm in diameter. The foliation wraps around the garnet, which is partly replaced by biotite.
Andrelândia Nappe.-The Andrelândia Nappe is interpreted by Trouw and others (2006) to be laterally equivalent to the Carmo da Cachoeira Nappe, and the two nappes are separated by a series of NE-SW oriented shear zones. Biotite was analyzed from sample 05b-8-56, taken from near the Cristo Redentor statue overlooking the city of Andrelândia ( fig. 2) , approximately 100 km east of the Carmo da Cachoeira samples. This sample is a strongly foliated biotite-garnet schist ( fig. 4O ). Subhedral rounded garnets up to 8 mm in diameter contain irregular inclusions of quartz and plagioclase, and irregular polymineralic quartzo-feldspathic aggregates interpreted to represent former melt. Biotite up to 8 mm long and kyanite up to 5 mm long are aligned within the foliation. The matrix contains quartz and plagioclase up to 3 mm in diameter, together with accessory ilmenite and apatite.
The Ribeira Belt
Biotite was analyzed from sample 05b-RJ-114, which is a stromatic migmatite collected from within the Oriental terrane, part of the Ribeira Belt, near the Rio Sul Shopping Center in the Botafogo neighborhood of Rio de Janeiro. These migmatites generally comprise biotite-rich melanosomes that wrap leucosomes with centimetersize garnet porphyroblasts. The leucosomes form lenticular structures around garnet, and coarse biotite occurs in the pressure shadows. They comprise predominantly coarse-grained quartz, plagioclase and ternary feldspar in addition to the garnet and biotite, and also cordierite. Cordierite occurs as aggregates of millimetric grains several millimeters wide that partly replace garnet. Monazite occurs as inclusions in garnet and in the quartzo-feldspathic leucosomes. The melanosome comprises biotite, sillimanite, cordierite, plagioclase, K-feldspar and quartz, with accessory zircon, apatite, ilmenite and rutile. Biotite in the pressure shadows around garnet is coarser than biotite in the melanosomes, and is interpreted to have grown during cooling to the solidus ( fig. 4P ). Reno and others (in press 13 ) report chemical (U-Th)-Pb ages of 561Ϯ11 and 523Ϯ10 Ma from cores and rims, respectively, of monazite from the same sample of stromatic migmatite. They interpret these ages to date post-peak, high-12 Ibid. 13 Ibid.
temperature crystallization of monazite, followed by recrystallization related to farfield effects associated with accretion of the outboard Cabo Frio terrane. Ar in the sample. In this case, the interpretation of an age using the plateau method is not reliable as under such conditions the minimum ages observed in the spectra are likely to represent maximum estimates for the true cooling age of the mineral. However, the calculation of an isochron age is independent of this ratio, and therefore it may be possible to interpret a geologically meaningful age from samples with non-atmospheric initial 40 Ar/ 36 Ar based on the isochron age provided that there is sufficient spread in data points to allow the calculation of a reliable regression line through the data points (Harrison and McDougall, 1980) . As the samples yield only a very small trapped argon component, the effect of such contamination is likely to be extremely small as evidenced by similar isochron and plateau ages.
In discussing the data we refer to the plateau ages if a plateau can be defined; otherwise, we refer to the isochron ages where a valid isochron age can be calculated. All argon step heating data are reported in Ar/ 36 Ar ratio suggests that there is a minor excess argon reservoir in this sample. The inverse isochron age is considered to be geologically meaningful.
Carvalhos Klippe.-The hornblende 40 Ar/ 39 Ar age spectrum for sample 05b-10-74 ( fig. 5 ) exhibits a saddle-shaped pattern typical of hornblende with excess argon. The youngest date obtained of 529.2Ϯ4.9 Ma for the 1075°C heating step may define a . Age spectra for 40 Ar/ 39 Ar step heating experiments and inverse isochrons for each sample, presented in the same order as they are discussed in the text. In the step heating experiments the steps included in the plateau age are shaded in gray. Where a plateau age has been defined, the steps included in the plateau age are shown as open circles on the corresponding isochron diagram. Isochron ages are given only if they are statistically valid. In the isochron diagrams, error ellipses are smaller than the data points.
1318 B.L. Ar/ 39 maximum age for this sample. 42.2 percent of the 39 Ar was released at this step, which could have hidden any younger dates present in this portion of the spectrum. The inverse isochron yields an apparent age of 564Ϯ92 Ma (MSWDϭ17), with initial Ar of 386Ϯ250, however the high MSWD indicates a high degree of scatter about the data. The large uncertainty on the initial 40 Ar/ 36 Ar ratio makes it difficult to interpret the excess argon component in this sample. The large uncertainty on the isochron age limits the utility of this result. Ar system in biotite, with a closure temperature between 345°C for a cooling rate of 100°C Ma Ϫ1 and 280°C for a cooling rate of 1°C Ma Ϫ1 (Harrison and others, 1985) , is suitable for constraining the lower temperature part of the cooling history and dating overprinting tectonothermal events. Although the retrograde evolution of the Três Pontas-Varginha and Carmo da Cachoeira Nappes does involve a close to isothermal decompression step around temperatures of the solidus ( fig. 3) , the P-T path after that step is close to isobaric suggesting that the lower estimates of closure temperature are probably more relevant to this study. We consider geologically meaningful ages in this study to date cooling of a sample through ϳ300°C. Ar results for biotite are discussed in relation to ages obtained using high-temperature chronometers in order to understand better the exhumation of the uppermost nappes of the Andrelândia Nappe Complex. The ages determined by Reno and others (2009, in press 14 , this study) are shown on the tectonic map in figure 6 and these data together with other published ages relevant to the southern sector of the Southern Brasília Belt, the Ribeira Interference Zone and the Ribeira Belt are summarized in figure 7 .
The Andrelândia Nappe Complex comprises a stack of passive margin-derived nappes that exhibit a range of metamorphic grades. We suggest that individual nappes were taken to progressively shallower depths in the subduction system prior to detachment from the downgoing slab, accretion to the hanging-wall and thrusting onto the São Francisco Craton during terminal arc-continent collision, with the early nappes that occur structurally higher in the Andrelândia Nappe Complex being subjected to higher P-T conditions of metamorphism than the later nappes.
At the top of the Andrelândia Nappe Complex, the high-pressure granulite facies Três Pontas-Varginha Nappe is interpreted to have cooled to ϳ800°C at a pressure of ϳ1.5 GPa by circa 648 Ma (table 1; Reno and others, 2009 ). Biotite in sample 04-6-11, from the middle of the Três Pontas-Varginha Nappe, was stable at peak metamorphic temperatures and U-Pb zircon ages of 648Ϯ12 Ma (SIMS) and 648Ϯ8 Ma (LA-ICP-MS) provide a minimum constraint on the timing of biotite growth in this sample (Reno and others, 2009 ). Biotite in sample 05b-6-31b from close to the top of this nappe grew during the initial cooling phase, at temperatures greater than 800°C ( fig.  3 ) a U-Pb zircon age of 647Ϯ11 Ma provides a minimum constraint on the timing of biotite growth in this sample (Reno and others, 2009 Ar plateau ages from the Três Pontas-Varginha Nappe are between 591Ϯ7 and 567Ϯ6 Ma. Sample 05b-6-33 is an outlier with an inverse isochron age of 545.5Ϯ6.8 Ma; the spectrum for this sample does not meet the criteria to define a plateau age, however, the isochron is statistically valid. Although the 40 Ar/ 39 Ar biotite ages do not appear to exhibit any geographic trend, they do tend to be younger towards the top and base of this nappe. We interpret the Três Pontas-Varginha Nappe to have cooled below ϳ300°C in the interval 600 to 560 Ma. The spread of ages has implications for the average cooling rate of the Três Pontas-Varginha Nappe. Considering the Rb-Sr multi-mineral-whole rock isochron ages of circa 590 Ma (Reno and others, 2009) , which were interpreted to record cooling through ϳ750°C (based on Ti-in-quartz thermometry), calculated average cooling rates vary from near instantaneous to ϳ20°C Ma
Ϫ1
. Sample 05b-6-33 is from close to the top of the nappe and the 14 Ibid.
1324 B.L. Ar/ 39 Ar thermochronology of high-pressure granulite Ar biotite age of 455.2Ϯ1.6 Ma from the Ribeira Belt sample, which suggests that these ages are unlikely to be due to a cryptic Ribeira overprint.
The Carmo da Cachoeira Nappe lies beneath the Três Pontas-Varginha Nappe. This nappe is interpreted to represent a second package of metasedimentary rocks that was detached from the downgoing passive margin during subduction-related metamorphism, following detachment of the Três Pontas-Varginha Nappe. In the Carmo da Cachoeira Nappe, biotite in samples from the INCOPE quarry locality is interpreted to have been present in the peak assemblage at pressures Ͼ1 GPa and temperatures between 830°C and 675°C. The chemical (U-Th)-Pb age of 631Ϯ10 Ma reported by Reno and others (in press 15 ) from higher yttrium areas in monazite from sample 05b-5-23 is interpreted to record the timing of biotite formation. The biotite 40 Ar/ 39 Ar plateau age from the same sample is 539Ϯ2 Ma, and the plateau age for biotite from 15 Ibid. Fig. 7 . Summary of ages from this study and relevant ages from the literature as referenced in the figure. PN-Passos Nappe; SG-Socorro-Guaxupé Nappe; TPV-Três Pontas-Varginha Nappe; CK-Carvalhos Klippe; RE-retrograded eclogite tectonic block; CdC-Carmo da Cachoeira Nappe; AN-Andrelândia Nappe; Rib-Ribeira Belt; Zrn-zircon; Mnz-monazite; and, Bt-biotite.
sample GR-05-3 from the same locality is 543Ϯ4 Ma. The biotite 40 Ar/ 39 Ar plateau age from sample 05b-5-17 from the upper part of the nappe close to the upper contact is 510Ϯ2 Ma. The two older ages are interpreted to record cooling through ϳ300°C during exhumation of this nappe, similar to that observed in the overlying Três Pontas-Varginha Nappe but at a slower rate of 4 to 5°C Ma Ϫ1 , whereas the youngest age may record rejuvenation of the intracrystalline argon system by penetrative deformation due to late displacement close to the top of this nappe. Ar biotite age of 455.2Ϯ1.6 Ma from the Ribeira Belt sample, which suggests that these ages are unlikely to be due to a cryptic Ribeira overprint.
The Andrelândia Nappe, in the southeastern portion of the study area, was thrust directly on the São Francisco Craton during exhumation. A south-southeast plunging lineation is present in rocks of this nappe that is interpreted to relate to tectonothermal overprinting by the Ribeira Orogeny (Trouw and others, 2006) ; this lineation is not present in the rocks of the northwestern portion of the Andrelândia Nappe Complex. The thermal overprint related to the Ribeira Orogeny in the southernmost portion of the Andrelândia Nappe Complex was at high enough temperatures to grow sillimanite.
The 40 Ar/
39
Ar age of 490.4Ϯ3.2 Ma reported in this study for the Andrelândia Nappe is from a sample from close to the structural top of the nappe. The 40 Ar/ 39 Ar biotite ages from Campos Neto and others (2004) show an increase in age from 492.0Ϯ1.0 Ma close to the structural top of the nappe to 541.3Ϯ1.3 Ma close to the base of the nappe. These data suggest that the Andrelândia Nappe was cooled from the bottom up, which is inferred to be due to its final emplacement over the colder São Francisco Craton. The younger ages from close to the top of the nappe suggest that it was buried far longer than the equivalent Carmo da Cachoeira Nappe further to the west.
Although the 40 Ar/
Ar biotite age of 455.2Ϯ1.6 Ma from the Ribeira Belt sample is 35 Ma younger than those from close to the top of the Andrelândia Nappe we cannot rule out the possibility that the cooling ages in this nappe relate to exhumation after tectono-metamorphic overprinting by the Ribeira Belt. Indeed, the southwestnortheast trend of the Andrelândia Nappe ( fig. 2) , the south-southeast plunging lineation observed in rocks of this nappe and the overprinting sillimanite-grade metamorphism are consistent with the penetrative structures and metamorphic grade in adjacent tectonic units assigned to the the Ribeira Belt and thrust onto the São Francisco Craton from the southeast others, 2004, 2008) .
For stromatic migmatite from the Oriental terrane of the Ribeira Belt, Kühn and others (2004) estimate the peak metamorphic conditions as P Ͻ 0.7 GPa and T of 750 to 800°C. Biotite from a stromatic migmatite sample from the same locality yields a 40 Ar/ 39 Ar plateau age of 455.2Ϯ1.6 Ma. Combining this age with chemical (U-Th)-Pb ages from higher yttrium areas of monazite of 561Ϯ11 Ma and 543Ϯ6 Ma from the same locality (Reno and others, in press 16 ) yields a slow average cooling rate of ϳ5°C Ma Ϫ1 .
Tectonic Interpretation
The Brasília Belt is the result of subduction of the passive margin that developed along the southern portion of the western side of the São Francisco Craton (present coordinates) under the Soccoro-Guaxupé Arc to the west during closure of the Brazilide Ocean. Passive margin-derived sediment was being subducted at this margin as early as the late Cryogenian, when the Liberdade Nappe (equivalent to the Três Pontas-Varginha Nappe) is inferred to have been detached from the downgoing slab based on a U-Pb zircon age of 678Ϯ29 Ma from an eclogite block from along the tectonic contact with the underlying Andrelândia Nappe (equivalent to the Carmo da Cachoeira Nappe). This age was interpreted to record formation of the eclogite facies mineral assemblage by Reno and others (2009) . Subsequently, the Carmo da Cachoeira Nappe and the other nappes structurally lower in the Andrelândia Nappe Complex were detached from the downgoing slab during continued subduction of the passive margin along the southern portion of the western side of the São Francisco Craton.
The Três Pontas-Varginha nappe cooled from peak temperature through ϳ800°C by circa 648 Ma (table 1; Reno and others, 2009 ). Peak-temperature conditions recorded in the Carmo da Cachoeira Nappe were close to those recorded in the Três Pontas-Varginha Nappe, and the maximum recorded pressures are similar, consistent with a period of incubation as temperatures rose in both nappes prior to the main phase of exhumation. The oldest chemical (U-Th)-Pb ages in the Três PontasVarginha Nappe of 634Ϯ3-630Ϯ3 Ma relate to monazite growth at tempertures close to the solidus, which varies according to bulk composition but is in the range 850 to 750°C, at a pressure of ϳ1.35 to 1.45 GPa. Similarly, in the Carmo da Cachoeira Nappe, a monazite chemical (U-Th)-Pb age of 631Ϯ12 Ma relates to monazite growth at temperatures close to the solidus of 675°C at a pressure of ϳ1.1 to 1.3 GPa. These data suggest that the two nappes were together by 634Ϯ3-630Ϯ3 Ma at depths close to peak pressure. The Rb-Sr multi-mineral-whole rock isochron ages of 590Ϯ3.7 and 590Ϯ13 Ma from close to the bottom of the Três Pontas-Varginha Nappe record cooling through ϳ750°C, which indicates an initial slow cooling rate of Ͻ1°C Ma Ϫ1 at depth prior to exhumation.
A second orogenic event affected the passive margin on the eastern side (present coordinates) of the São Francisco Craton during the Neoproterozoic and Cambrian when successively the Embú -Paraíba do Sul, Oriental and Cabo Frio terranes were accreted to the eastern passive margin of the São Francisco craton to form the Ribeira Belt ( fig. 1B ; Heilbron and others, 2008) . The Rio Negro magmatic arc was active around 790 Ma and again during the interval 635 to 620 Ma, as the oceanic part of the São Francisco plate to the east of the passive margin along the southern portion of the eastern side of the São Francisco craton subducted beneath it (Heilbron and others, 2008) . This magmatic arc, which is part of the Oriental terrane, collided with the Occidental terrane and the São Francisco Craton along the Central Tectonic Boundary ( fig. 1B) during the interval 580 to 550 Ma (Machado and others, 1996; Heilbron and others, 2008) . As the São Francisco plate was subducted towards the east it is likely that a component of regional extension was imposed on the Brasília Belt on the western side of the São Francisco craton. Therefore, we suggest that tectonic events occurring on the eastern side of the São Francisco Craton could have been a driving force for orogenic collapse and exhumation of the passive margin-derived nappes in the Brasília Belt on the western side of the São Francisco Craton.
The increased rate of cooling observed in the Três Pontas-Varginha Nappe around 590 Ma is interpreted to record this tectonically-driven exhumation. The average rate of cooling during exhumation of the Três Pontas-Varginha Nappe is Ͼ20°C Ma
Ϫ1
, which is much faster than the average rate of cooling during exhumation of 4 to 5°C Ma Ϫ1 for the underlying Carmo da Cachoeira Nappe. This difference reflects collapse of the nappe stack, which is likely to have led to faster exhumation of nappes higher in the stack. Ongoing extensional reactivation along original thrust contacts is consistent with the younger 40 Ar/ 39 Ar biotite plateau ages recorded from 1328 B.L. Ar/ 39 samples close to the top of the Três Pontas-Varginha and Carmo da Cachoeira Nappes.
In the case of the Carvalhos Klippe to the southeast, Campos Neto and others (2010) have argued that extensional ductile shear was responsible for thinning the klippe, and based on contemporaneous leucosome veins in both thrust-related and extensional structures, these authors argued for exhumation of the klippe by extrusion. Given the location of the Carvalhos Klippe within the Ribeira Interference Zone, the possibility that the exhumation occurred after reworking during the Ribeira Belt orogenesis cannot be ruled out.
conclusions Biotite separates from six high-pressure granulites from the Três Pontas-Varginha Nappe at the top of the Andrelândia Nappe Complex yield 40 Ar/ 39 Ar plateau ages between 591Ϯ7 and 567Ϯ6 Ma; one additional sample yields an inverse isochron age of 546Ϯ7 Ma. During close to isobaric cooling from high-temperature conditions, the average rate of cooling was Ͻ1°C Ma
. Following an interval of close to isothermal decompression the rate of cooling increased to Ͼ20°C Ma Ϫ1 . The change in cooling rate is attributed to tectonically-driven exhumation during orogenic collapse of the nappe stack, which we relate to far-field stresses associated with the growth of the Ribeira Belt to the southeast.
Biotite separates from high-pressure granulites of the underlying Carmo da Cachoeira Nappe yield 40 Ar/
39
Ar plateau ages of 543Ϯ12 and 540Ϯ4 Ma from the lower part of the nappe, and a plateau age of 509Ϯ4 from close to the top of the nappe. These ages are interpreted to record cooling due to tectonically-driven exhumation. Thus, the Três Pontas-Varginha Nappe was the first nappe to be exhumed, followed by the underlying Carmo da Cachoeira Nappe.
When combined with monazite chemical (U-Th)-Pb ages we derive an average rate of cooling of 4 to 5°C Ma Ϫ1 for the Carmo da Cachoeira Nappe. The faster rate of cooling for the Três Pontas-Varginha Nappe in comparison with the Carmo da Cachoeira Nappe is interpreted to reflect faster exhumation of nappes higher in the nappe stack, which is consistent with orogenic collapse.
For the Três Pontas-Varginha Nappe much of the initial displacement associated with exhumation may have been localized in the upper and lower margins of the nappe. Here the high-pressure granulite mineral assemblages are overprinted by lower-pressure, but high-temperature, sillimanite-bearing fabrics that are not present throughout the interior of this nappe. These fabrics are interpreted to relate to the close to isothermal decompression step in the retrograde P-T path. The younger 40 Ar/
Ar ages recorded from samples from close to the bottom of the Três PontasVarginha and close to the top of both the Três Pontas-Varginha and Carmo da Cachoeira Nappes may record ongoing displacement along nappe contacts after the close to isothermal decompression step in the retrograde P-T path.
In the southeastern part of the study area, biotite from the Andrelândia Nappe yields a Ar biotite plateau ages from the literature reveals an upward-younging trend in this nappe from circa 540 Ma to circa 490 Ma, which may be explained by emplacement of the Andrelândia Nappe directly on the colder São Francisco Craton, resulting in bottom-up cooling. However, the possibility that the cooling ages in this nappe relate to exhumation after reworking during orogenesis associated with the formation of the Ribeira Belt cannot be ruled out.
In the Ribeira Belt, a biotite separate from a stromatic migmatite from the Oriental terrane yields a 40 Ar/
Ar plateau age of 456Ϯ4 Ma. When combined with
